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[fi^:^3] lf^]^2^cfB«®^l^^^^^M^ci3v^T, tuiH-fC^^ii, 
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im^mi] m^mQizmm<Dm%m.mmmmo)mi^:ffmiz^\^x. mm 
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[0 0 0 1] 

[0 0 0 2] 
[«&5fe®^^e] 

fct (M>i>iE:^0^) «liilcMI'Kfc$tiS, r e) Lfc Mimic So' 

[0 0 0 3] 
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[0 0 0 4] 

[0 0 0 5] 
[0 0 0 6] 

izm^^n^m I m&mm.m'\imti. mim^mmm'\$.m±izmm-^n^^mm 
nm^mt.. Rmm^'^^m±izm^-^n^m2m^mm,m'\^m mzm&m 
^m-^m± izm^-^n^im'm^mm t.. ipmm^mm±izmm-^n^^mm^ 
M'^iMii^m^. BLmmn'^^m^^xj^m2m^m^m^m(Dmizit^t^mt)m 

[0 0 0 7] 
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[0 0 0 9] 
[0 0 10] 

[0011] 
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[0012] 
[0013] 

i^Ts. SOg iSTs. Si^T.. CO;?J•;?.A^MV^P,tltl^iJ:^^o 

[0014] 

[0 0 15] 
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m 2 mk^^^nM (Dmx^n^^o^'m=yy-^7.tf^io%o-i3i^)^Wim^nmmz 

PfliL-r^r ii^^T'^^o hf^ii'^'DX. 7th;t^lMffiMBlr®cD#®*':#®^:7 
[0 0 16] 
[0 0 17] 

mm.^'f y.^mmmmizitm^it/\~}^y'^ :f.i7mmmm (hdd) t>^^ 

[0 0 18] 
[0019] 

DD) 1 1 (Dmmm^mmmK^-t. ^(dhddi nt. Mx.^^¥fev^^^^^ 
LX(D 1 iJcJi^^co^^^T'-Y 1 3 tf^s\s.m^n^o mn.'r^i i s ttxif > k 

;i/=E-^ 1 4 (DEI^|fiJC^«$tl-£)o Xtf > K;i/^-^ 1 4 li, mX\tl 20 0 
rpm^lOOOOr v rrLh\t^^tcWM^Xm%^ ■< y^ 1 3 ^ Elte $ i± -5 

[0 0 2 0] 
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ii^ibm1]\^mxS^m']&.^7^^yiymy I sn^m^^. M^c^iiU, SfttitJ^/^ 
1 3®iii«{ca^$i^^T'>r 1 3(Z)^®T*^$ti-5^?^<Z)i!t# 

[0 0 2 1 ] 

re» L/;t#±/\'y FX-^-f 3f 1 9®#_hcfiJC, :3r^'J i^' 1 6 jb'^^ft 1 5EIU 

(Dmmitm:k.itTr<4 (vcm) i:v^ofeT^^3LX-^ 2 i (Z)ft& 
<2fci 2 [f^izm^72^tn^m^izit. m^-^^m%'r>( 1 3 isf±cz)r4-e 1 

[0 0 2 2] 

9i±, ¥ytv^^t::^^^c?^^!g$tl•2) A 1 2 O3 -tic (T;i/^^y^) igcD;^^>r 

^^^^S2 2^, ^(Z)X^-r ^**#:2 2cD^^^ffi>^lCg?-^$tlT, Se^^mL*^ 

F2 3 ^rp^i^f'SA Ig O3 (t;1/^^) I^c^^ «y F^^f^ltm 2 4 
^r^fx-So x^-r^*:*:^2 2^3<J;t>*/N>y F^^l^ii4l^2 4 (cti. ^?g^T'^' l 

3 lC^[pJ-rS^^^faI®'r^4D-^^?±®2 5:^'JM^$tLS<, ^^^T^-f 1 3 <D 
[0 0 2 3] 
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aijmM-^tl^. AB S 2 8r'li^gfE2 6(Dm^lzm\^XmiI^(DW-iJti^^^^n 
-So K^^=-I^lcil2 4 JCiMi?)Ji^tlfe^*^mL»^3li*i/\^y K2 3 li, 
^ti^^oiZ. AB S 2 ax^mm-t^o ^fe, #±^^y KX^^^'l 9(Z)?^ffitt 
V ^ o ?^ M C PS ^ ti ® T V N „ 
[0 0 2 4] 

0 3 {±^?±®2 5®#^$:i¥$H{c^-ro m^mi^m^j2^^^y }^ 2 Sit. 
■sig^^^m?*:^ (MR) ^^^3 It. ^«3-r;i/A^-> (m^it-f) v^m^ 

ti^m^^mmLxm^T'^ l 3{C2M'f#$:»^iitffl^»^ji*i^^y K 
m^3 2 t.^m±^. MRM^S Ht±nMmmii.^^^y':fM3 3. 3 4{C 

^^^ii^ti^o ^M3 3, 3 4 liMx-liA ig O3 (r;i/^^) 

#^^4x4xlfiVNo r e) LT#»fi^^-/ >^M3 3. 3 4 tC^J^ii^tl^MR^ 
^3 1 ttJ:^PfeJ:tJfTSP^/-;i/ FM3 5. 3 Qiz^^ihtn^. ±aPfeJ:t>*TSP 
i/-;i/KJS3 5. 3 6 F e N^N i F e 7?J^?3^fig$tltllSckVNo TBl5i> 

KM 3 6 liA 1 2 O3 (yjv^i-) m3 l (DmmKH^-DXjtiti^^. 
[0 0 2 5] 

K^-7-3 2l±, _hgpi/-;i/ K»3 5 ©^Mfc?{>o Tj£*>-5# 

mi^^^y:fm3 8^m^^. i¥m^^^v^m3 sitm^itAi^ 03 (t;i/ 

8 $:^^^T'J:gPMM3 Qti^m^^o. ±mmmm 3 2 itm^itN ip e^-^^m 
±mmmm39it. ^¥m'\i^^^y:fm3 sa^mmiz^^^xjuif^ 

^ A 1 2 O3 (T;1/^T^) M4 0 iZmt>n^. AI2O3M37, 40 litrfMcD 

\^m^\Hmm2 4 ^m^t^. 

[0 0 2 6] 

±gp^^^M3 9 ^^t>*±gpi/-;i/ KM3 5itmvxmmm^j2^^^y K^^ 

3 2(Dm'\inr^m^'r^o -r^s;*?*., k^^3 2(Z)TgPM 

M«MR^d^3 1 (D±miy-;\y KM3 5 i: Lxmm-t^. Mn-f ;L/A^ - >-e 
mmti^^m-^n^t. #^tt^-v^y :^M3 8(Di&^T', _hgp^^ffiM 3 9 _hgp 

KM3 5 t.^^'^^^om^m^t'^±^2 bfj^^mtna^. Lx^^xaj'S 



miiE#2 001-3001147 



#2 000-334557 



[0 0 2 7] 

mM.m.tn.mm (mr) m-rr^t^-^:^i^yAjv'fm4. i ^m^^. z.(D^\^yAjv 

(D^®4 la, 4 1 hfj'^m^^n^o r4x?>^®4 1 a, 4 1 hlttmn^^^ 
[0 0 2 8] 

T^lf >A;i/^'m4 1 $:^.?^^i2.ti^ l*J-®^|E0mm4 2:;?)^?^^$tlS= 

M4 2«, >^M3 4(Z)^®T-^^±®2 5{C«^oTMt>*^. ^^KW 

m4 2(D^mt:^\^yAjVfm:4: 10^®4 1 a, 4 1 b{C^ig$n-5= 

pvmm4: 2(Dmmizitmn^(Dmm^^m4: s-zs^ititi^^, xi^yAjv^m^ nz 

t^CoCr P t ^:v^o^#«•|^^M*^e>?^^$4^4^^^J;v^o mm^^B^ 3it 

[0 0 2 9] 

04 tc^Sti^ j:e){c, >cbf >/\';i/:/]^4 1 #?^'[4^-v >^M3 4 (Z)^® 
tC^jff$tl-5T^jS4 4 ?:fi;t^o r®T^ji4 4ti, M;tliii;*5. 0 n mg 
^(7)TaM4 4a^, T a M 4 4 a (D^®IC^M $ tl-Si^Jf 2 . Onni@S(Z)N 
i F eM4 4 b ilT'^^^tttlli J: V^„ 
[0 0 3 0] 

T%M4 4 ®S®fCli>K?t?^'ffiM (pinning layer) 4 5 ;^)^M:fe 

^t>ii:^ti^. Z0^^m^m4: bitm^itmmi 5. o nmmmo^p dP tu 

=fo lM*^fflV^pJtlT^J:V^„ >S3£l^'[4JS4 5(D«®-r^t)t.#MtCli, mm^t(D 
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[0 0 3 1 ] 

'ffijf (pinned layer) 4 6 ^^M^a-a-fcit^^tl-S, ;K§t^'[4M4 5 i: 

T #® ^ 7 :^ -r ^ e) U ii^ L < M ^ tl -5 „ 
[0 0 3 2] 

cf»r^jf 4 7liM;iliMip:2. 3 nmg^CDC uMT-^^^tltlii J: Va„ r<Z)#N<^ 
'f±ttir^ji4 7(^^®{Cl±$ ^(Cgfi{|II5S?^'KM (f r e e layer) 4 8 
M4a-^t)-&^tl^o efi{ffif3S?^ttM4 8liMx.liM^2. O n m@|t(7)C o F e 

HSo Qlt. m^ltBm4.. 0 n m^lgCDC ujf 4 9 a i:, Cujg49 

[0 0 3 3] 

^^'»fg(^^^*mLtC^feoTMR^^3 IfjmM'r-f 1 3 (D^®{C|pI^ 
^t>-y:^ti^i:, ;^tf >A;i/>^m4 1 T'li. M^^^U, ;^ i 3 jb^^j 

[0 0 3 4] 

3(7)i:^, jeA±®j;e)^MR^^3 1-ett, #?^'ii(4ir4M4 7(d±ti^(^# 
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zt-fy^X'^^. Ltzff^^x. ^mmmm^m4 8(Dmit:^M. 0m^^mM4: 

[0 0 3 5] 

m^mmm-&.M4 eii, ^^m^m^ 5®ig®{cMfe-^t)-&&tis^i^?g^'f£^ 

^ ® 9 :7 X ^O-^ § f ^ j|H - ^ ti -5 = 
[0 0 3 6] 

4 6 b cD^Bii^fb^tiM 5 1 xmiDti^. fb^i^®5 1 ^fb^ 

i:;?)^^ll^$titildrj;VN. 'fb-^ifefS 5 l (D^®f?^*3t>#®T{i, H i 
S3S?^ffiM^M4 6 b J3J:mb-^#lM5 1 0 . 7 n mg^lClg 

[0 0 3 7] 

^b-^MS l®^®{C{j;, BLmM^-^^m^ 6 b iicDf^lc-fb-^^/M 5 l 
m^MA: 6 cli, M3S^'ffi^-^JS4 6 b^i&^-em 0^M3t«M4 6 a^\ZK 

M4 8 fcfRi^-a^e)ll2 @^M§£a'ffiM4 6 c(Da^b:&fpJii5S0{c©g$ti-5= L 
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[0 0 3 8] 

(E^-tir-f ) ©^StciiA 1 2 O3 M3 iti^mm^ti^. :i(DA O3 M3 7 

^n^^oiz, xt°>7NVi/>^M4 1 ^iiHi-(Z)M«ife«^$ti^sgM;i 5 3 75)':« 

M^nSo ^®^M;t5 3®?^^;^^®#iffli=^ii&$tiS3 M^coiiU, 
M>^5 3*^pJ;^lf >7NVl/>^m4 uigilUffi^ti-So :i®griU mucfefeoT, El 
7{c^$ti-5<fce){c, ;^n°>A;i/yi^4 1 Sr^^iAt; l*f®^^Ef(It^]l4 2l±|sl 

^3g^^4 3 itm'^^tl^. 
[0 0 3 9] 

acy^-_h■?:'tt, >'"Ji3 4®^®{CT aM5 4 feckt^N i F eM5 5 

iimmcmm-^ti^o m^^xN i FeM5 5(Dmmizits.^m'\i±m^mM-t^jt 

t)-^P d P tMnM 5 6t>^mM-^tl^o ^OP d P t Mnjf 5 6{if c c (®>i> 
3i:&^) mm(D^'^^mizm^^tl^o ^(Dh^. ^U^smXH. TaM54fe 
j;t>*N i F e jg5 5(Z)i^f^•ev^4^^^)-5< 1 , 1, 1 >SHIoJ:^)^fl4i2^ tl-So T a jg 
5 4-^N iFeM55. PdPtMnMS 6 ©?^^{CliM;^liX A^y ^ 'J > 

[0 0 4 0] 

MV^T, P d P tMnjgS 6 (0^® {C liH 1 ggattM^M-T^t) t> C o F e B 
J15 7fei;t>*HgS?^'[4M^jS-t:^;t3-^RuJi5 8;6'5llir^{C^Ji$tlS„ C o F e 
BJi5 7ttP d P tMnjf 5 6;^^^xt:°^:Sri/^;i/^;g-r-5» IbI^C. RuM5 
8«CoFeBM5 7_h-eP d P tMnji5 6 f3^ib(DX.\^ ^ ^ i/ ^ JV^^^BI^ 
fSo C o F e BM5 7^R ujf 5 8(D?^figJCfe^oTli, I^I^C >?.A^y^U 



1 2 
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[0 0 4 1 ] 

^fc^feoT. RuM^ 8(Dm.mtmmnm^rizmm^nx^^<. ruM5 

izm3'rS:iti)'^X-^So M^mt. RuM5 8<D^®lC^^SEbT=foJ:<, Ru 
®5 8(^^®$:?i^;&<Mv^;^< LT^#M$:J^fi^LT*;J:V^„ 
[0 0 4 2] 

d:e)tC, RuM5 8®^®{Ctt, ||2^^ffi^g%ji-r^^3t,C o F e BM6 1, 
#»fficf'ra»t'&t)t>Cu«6 2, ^3 3^?^'[4^^M-r^fct.Co Fe BjfS 3 
y^J^|lH#^C^Jff$4^TV^<o CoFeBMei, C uM 6 2 j:tKC o F e BM 6 
3 ©^SlCfefeoTfifji&CDXlf ^:^r^'-v;i/^£Stilii*$tl-5o ttfMillll^fC, C 
o F e BJS6 1 ^CuM6 2, C o F e Bjfe 3 (Dm^iZitM^l/ty^^^V ^ U > 

^^S>^)'^fflv^?>tltl^^ J:VN„ ^©^^ c o f e bJSs 3 ©^Micji, 

^ U >^iS$:®l:5T^Mjf t-:5i*)-^C ujfe 4^T ajfe 5 ^^jlR^fC^M ^ 4xT 
[0 0 4 3] 

c tm^^lzmf-tSo re)LTPdPtMnji5 6 mx f c t 
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-®{CW{C2 [Te s 1 a] (^)it:M#*^raD^ tl^o Z(DW.^m^<Dm^V 

s mi^mm^^M'tfjiti-^co f e bm5 i (Dm^t:Bmtmm(Df^^izm^^ 

[0 0 4 4] 

r 9 LT f c tmmttmii-^n^t. m^<Dnmm(^Bmi:mm^(DP d p t 

®^ li, PdPtMnM5 6 i^^ ^ ^ iy JV^^Ltc 

Co Fe BM5 7^RuM5 8®e)4aU?:^6f-t-5o L L ^ ^^J-^ ^ , ^-^Li^e) 

RuM 5 8 7!)^e3Xlf^^^>-v;i/^:StfeCo Fe Bjg6 1, Cujl62 
i3J:t>'CoFeBM6 3 iZlto U^J It^m^titji^^^o 
[0 0 4 5] 

J£^±®i:-^7&@^M5SS'KM4 6^7.\^y A;V^m4. l(D#'f£$: 
^llUfc, t-r, l§HH#tt> UC^$tl-5 J:e)JC, S i T'M^^ 

tl^A 1 2 O3 -T i d^i^jiA- 6 6±{C, MJp: 5 . 0nm(Z)Tajff6 7, M 
ji:6. 0nm(Z)CuM6 8, MJ¥ 3 . 0 n C o F e B Jf 6 9 , ^©{C^'fb^ 
^T'^^f l/feR uJS 7 0, Mj*3 . 0 nm(7)C o F e BJS7 1, M^3. OnmCD 
TaM7 2*':jiIM#{caM $tiJ^#MB^^3tm(^:R#:M$:^^iUfeo ^M©«»{c 
ttv^:^ h^>'>;/^°«y ^^g:^)^^M$ti;to M^®?^^{cfefeoT R u jf 7 0 
(Z)^ffil«*#H^i4i{cSjjtt$tlfec Ru® (^>fl:i^$:^tiO 7 0(Dmi?^^^b 

io^x^m^mitM s (D}tmM r /M s iit)m&(Dmm:^tiznii!,^nr^o 

[0 0 4 6] 

m^mmm^mMLtco ^(Dtmmr^it. mmizmitm^^WLr^-Rumi oiz 

f^X.T, CoFeB®69, 7 1 |lI±<^ra(C R u ##:Ji*^^*^ii^ tlT^c 
[0 0 4 7] 
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tmm 


Ru mmm 


Hs 


Mr/Ms 


Hs 


Mr/Ms 

1 V II / IV lO 


[nm] 


[kA/m] 




[kA/m] 




0.3 


875.4 


0.3 


954.9 


0.2 


0.5 


477.5 


O 


437.7 


O 


0.7 


397.9 


O 


397.9 


0 


0.9 


278.5 


O 


318.3 


0 


1.1 


0.3 


1 


0.2 


1 


1.3 


0.2 


1 


0.2 


1 



[0 0 4 8 ] 



[^1] f)'^^m^i)^^jt^oiz. M.<^mti:tmmii<Dmx-. m^mn<Diz^^H 

-ffc^^^AlC^jJfeJfcej-f, ±Tl^<DCo F e BM6 9, 7 1 im±t-^t>*>l|l 

m^^nr^. b*^%), Rm,m'\i'^^m-t^£t>^Rum7 ocDmmti^o. 5nm~o 
^titc. U7t*^oT> :i(Dmmyx.vmm.0^mmmj^mxito. 5nm~o. 

[0 0 4 9] 

ikic:^mmitm^0):^\:fyAjv:fm4 l SrSJiU^o f S i Og T' 

mm^tlfcAl 2^ O3 -T i CSg'^oiyN-ilC, MJ¥5. OnmCDTajf, Mff 
2. 0 nm<Z)N i F e Jf , i^JP 1 5. 0 n m® P d P t M n jf, 1 . 5 n m 

<DCoFeBM> l^jPO, 7nm(DRujl, Kff 2 . OnmC^CoFeBM, 1^ 
j?:2. 3nm<DCuM, ^JP 2 . OnmC^CoFeBJi, Mff 1 . Onm©Cu 

Rum(Dmmtmmmm^^izMm^ntc. p d p t Mnjfjb'^M^b^tife^ic 

, [^2] (C^^tl^jiU, ?^^Si5T;^m (MR) it(Di^f)\ CoFeBMl^± 
■r^t)t.|| 1 ^ J: t>*ll 2 H^M3t^'ffi» 4 6 a, 4 6c m±<Dmx^t>^tl^>^ 
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mM^^^Hu a®:^^$^. 2o(Z)C o F e B jS-r?Si*5t.©^W5Sil^ttJi4 6 
[0 0 5 0] 

^X. C o F e BMlWI±-r^t)t.im3J:t>*ll2 H^{15t^'f4M4 6 a, 4 6c 
[0 0 5 1 ] 

[^2] 





MR It 

[%] 


Hua 
[kA/m] 


Hin 
[kA/m] 




7.7 


99.5 


0.4 




4 


87.5 


6.5 



[0 0 5 2] 



[0 0 5 3] 

^ibiz. ^mnmit. m7^<D:^}^yA;v^m4: 1 ^il^^tc, S i Og -e^MS 

tlfeAlg O3 -T i Ci^'i7 jiA-J:{C, Mff5. Onm®TaM> 2 . 0 

nmCDNiFeM, Mi? 1 5 . 0 n m(Z) P d P t M n Jf, MJ^ 1 . Onm(7)Co 
FeBjf, j^ii^O. 7nm<Z)Ruji, j^jp: 1 . 5 n m<Z)C o F e B CuM. 
J^J¥2. 0 n m(^)C o F e BJS. ^j? 1 . Onm<Z)Cu», T a Jff *'5ffi#tC^M 

MR) i:t(Di^i3\ coF eBmm±-tt^t>-^mi^^tfm2m^m^m'\im4: 6 

a, 4 6 c |WI±(DraT'x;b$tl-53Sm*g-^^#H u a®:^^^-*?^, 2o®CoF 
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[0 0 5 4] 



cu mmm 

[mn] 


MRtfc 
[%] 


Hua 
[kA/m] 


Hin 
CkA/m] 


1.8 


7.6 


59.7 


5.2 


1.9 


8.2 


75.6 


0.9 


2.0 


8.0 


77.2 


0.02 


2.1 


8.0 


79.6 


-0.3 


2.2 


7.8 


79.6 


-0.3 


2.3 


7.7 


875 


-0.3 



[0 0 5 5] 

9nm-2. 3 n m@M{C|g^ ^ tlT 4 6 g SM^'ffiS 
[0 0 5 6] 

-^"^X^^o 'i}^M<D:7.\^yAjV^'mXit. ^m'\^^mmiZlt2, 8nm~3. On 
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[0 0 5 7] 
[0 0 5 8] 

(#fB2) #fal^cIa^(D^^®^5t^mM^cfev^T, mms.mm'\imit. m 

[0 0 5 9] 
[0 0 6 0] 

(#124) #f3 3{CfB«®^^®i5L^mi^tCj3V>T, SuM^b^, ^^b^, 
[0 0 6 1] 

(#135) #iH4 ^CtB«cZ)^^^S^5^^^m{cJ3V^T, |frtH;K?S^'S*g-^S(D 

mmitO. 5nm~0. 9 n m}C|S^$ tl^ ^ ^ •t-5a^*g^5T:^mm„ 
[0 0 6 2] 

(#12 6) #fB5^cfH«©^^S^^;^mM^cJ3V^T, IfffB^afttt^WMc^l^ 
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